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ABSTRACT 
 
This study evaluated selected clinical and functional tests as predictors of driving 
safety outcomes in Parkinson’s Disease (PD) patients.  Twenty five PD patients and 
21 age-matched controls, all regular drivers, underwent neurological evaluation and 
assessment of cognitive, visual and motor function and a standardised, on-road 
driving assessment. The capacity of the tests to predict pass/fail driving outcomes was 
determined by selecting a sub-set with the highest predictive value from each domain 
and then subjecting these to discriminant function analysis.  Accuracy, sensitivity, 
specificity and positive and negative predictive values were determined.  Three 
relatively simple tests from the larger battery predicted passes with relatively high 
sensitivity (PD: 72.7%, controls: 93.8%, both combined: 85.2%); and moderate 
specificity (PD: 64.3%, controls: 60.0%, both combined: 63.2%).  These tests 
assessed motor performance (Purdue Pegboard test), contrast sensitivity (Pelli-Robson 
test) and cognitive function (verbal version of Symbol Digit Modalities Test). Adding 
time since diagnosis for the PD group increased sensitivity to 90.9% and specificity to 
71.4 %.  These simple tests confer more objectivity and predictive power to clinical 
recommendations for driving, they reflect distinct functions that are necessary for safe 
driving, and may be especially useful when on-road assessments are not feasible.   
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INTRODUCTION 
In Australia, people with Parkinson’s disease (PD) may be granted a conditional 
driving license, “taking into account the nature of the driving task and the opinion of 
the treating doctor”. 1  Many other countries also require a physician’s 
recommendation. An important practical issue is whether clinical or functional tests 
can accurately predict driver safety and thus assist doctors in these decisions. Indeed, 
a recent report indicating that of over 5,000 surveyed PD patients with driving 
licenses 15% had been involved in and 11% had caused a crash in the preceding five 
years, states that “criteria to judge the driving ability of the individual patient 
urgently need to be developed.” 2 
 
Clinical decisions about driving can be particularly difficult in PD, given its 
fluctuating cognitive, motor, and sensory symptoms. For example, visual deficits in 
PD,3 including decreased visual contrast sensitivity,4 could interfere with perception 
of critical events.  Proprioceptive deficits, which may worsen with levodopa 
medication,5 could cause inaccurate movements, especially pedal use.  Bradykinesia 
or akinesia could lead to steering or braking movements that are insufficiently 
forceful, too slow, or absent altogether. Indeed, patients report such episodes.6 
Rigidity and tremor may also affect driving, and deficits such as slowed attention-
switching,7 may detract from critical judgments of hazards and from normally 
automated tasks such as changing gears.8  Driving problems in PD have been noted in 
surveys9-12 and simulator studies comparing PD and age-matched controls. Deficits 
include decreased steering accuracy, longer reaction times, failure to react to stimuli 
and increased collisions,13-15  deficits confirmed in on-road assessment studies.16,17  
The full extent of driving impairments in PD is still unknown, however, leading to the 
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call in one recent review for “more well designed community-based studies…in PD 
patients to provide evidence based recommendations”.18 
 
Empirically, clinical impressions of driving safety appear unreliable. In one study, 
35% of those approved to drive by a neurologist were evaluated as unfit to drive in an 
on-road assessment. Moreover, none of the PD drivers had rated themselves as unfit 
to drive, nor had any been judged as unfit to drive by the neurologist.16 This has led to 
the view that various functional measures, including cognitive tasks, may provide 
more useful information.16,17  Driving assessments are also costly and not universally 
available, so practical screening tests to predict driving performance would be 
valuable.  However, there is no clear agreement as to the most appropriate tests.    
 
The relationship of PD rating scales to driving safety is unclear.  In one report the 
Hoehn and Yahr scale did not correlate significantly with on-road test results,16 while 
the Webster 13and UPDRS15 scores were only moderately correlated with simulator 
measures. A significant difference in the Webster scores of safe and unsafe drivers 
has been reported, but was excluded in a subsequent regression analysis17. Clinical 
ratings predict driving performance poorly at best, and PD driver’s self-ratings are 
clearly unreliable,16,19 but evidence for valid safety predictors other than on-road 
assessment remains scarce. 
 
This study evaluated the ability of a broad range of functional tests to predict driving 
assessment outcome in PD and a control group. A separate paper describes the types 
and locations of driving errors made by each.19 
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METHODS 
Participants.   
The research was approved by the Research Ethics Committee of Queensland 
University of Technology.  Twenty-five PD (21M, 4F) and 21 controls (18M, 3F) 
participated, this ratio reflecting the much higher rate of driving in males of this 
generation.20  PD and control group average ages were 63.7± 6.8 yrs (52-80) , and 
65.2± 8.6 yrs, (50-80) respectively. The PD group had primarily moderate symptoms, 
with an average disease duration of 6.2±4.6 yrs., a mean UPDRS score of 27.4±11.3 
and a median Hoehn and Yahr score of 2.0 (interquartile range: 2-3).   
 
All participants held current Queensland driving licences, and drove at least once a 
week in metropolitan south-east Queensland.  To ensure the representativeness of 
participants, other age-related pathologies (such as arthritis or diabetes) did not 
preclude participation and were not enumerated. However, no participants indicated 
or manifested significant conditions other than Parkinson’s disease likely to affect 
driving. A score  24/30 on the Mini Mental State Exam (MMSE) was required, to 
exclude gross dementia. PD and control MMSE scores were 29.3±1.1 and 28.6±1.3 
respectively, a non-significant difference (p >0.05).  Gross dementia and non-PD 
neurological disease were thus the only exclusion criteria though no prospective 
participant was excluded on either basis. Two control and six PD participants scored  
15 on the Beck Depression scale, a level often used as a criterion for depression. 
However, as the Beck scores were used as a potential predictor, no participants were 
excluded on this basis. 
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Procedure.   
Participants were clinically assessed by a movement disorders neurologist to confirm 
the diagnosis (UK Brain Bank diagnostic criteria21), determine the PD stage, provide a 
UPDRS score and to ensure the absence of other neurological disease. Prior to the on-
road assessment participants undertook the functional tests over two days (described 
below).  Testing occurred at times when participants had rated their functioning and 
any medication effects as optimal, to err on the side of representing best performance.  
 
Tests were selected according to the following criteria: 1. Known deficit in PD (e.g. 
manual dexterity22 and contrast sensitivity23); 2. Regularly used by licensing 
authorities (e.g. visual fields1); 3. Previously used in comparable studies of driving 
performance (e.g. dot-motion24, Trails B16).   Tests also had to have either logical 
validity for driving (relevance to one or more sensory, perceptual, motor or cognitive 
driving tasks), or represent a “global” indicator of PD status (e.g. depression). 
Visual  function  
Static Acuity. Static high contrast visual acuity was measured using a logMAR chart 
at a distance of 3.2 m using a forced-choice procedure. Each correct letter scored 0.02 
log units. 
Useful Field of View (UFOV) is the functional field for peripheral search and 
localization.24 Participants detected central, briefly presented computer-generated 
targets and simultaneously identified peripheral targets against either an empty field 
or a distracter array.  Scores were the number of peripheral targets missed.  
Pelli-Robson Letter Contrast Sensitivity. This was determined using the Pelli-Robson 
chart25 under recommended viewing conditions. Participants viewed a line of letters 
and were forced to guess the letter if unsure. Each letter was scored as 0.05 log units. 
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Visual Fields. Static and kinetic visual fields were measured using the Humphrey 
Field Analyzer (Carl Zeiss). Monocular static fields and the number of points missed 
from 81 locations were assessed. Kinetic fields were measured binocularly with a 
large low contrast target moving at 4°/sec along 12 meridians and their areas were 
then calculated. 
Dot Motion. Central motion sensitivity (Dmin) was measured for computer-generated 
random dot stimuli presented against a dark background.26  Participants reported the 
movement direction of a smaller central panel of dots. Thresholds were determined 
using a four alternative forced-choice staircase procedure. 
Cognitive/Affective tests 
Symbol Digit Modalities Test. Participants placed the appropriate digit (1-9) beneath a 
symbol, using the pairing of symbols and digits presented in a key.  The cognitive 
functions tested included short-term memory and attention-switching.27  Tests were 
administered verbally to decrease confounds with motor impairments. 
Trails A and B Tests. These timed tasks involve the completion of a pencil trail 
between, respectively, a series of numbered circles, or two series of circles denoted by 
numbers and letters, and reflect cognitive functions including rapid visual processing 
and working memory. 28   
Stroop test. A custom-programmed version of the Stroop colour-word test required 
button-presses to the presentation of coloured symbols or words, with and without 
conflict between the colour of the word and its meaning. Reaction Time in conflicting 
conditions was the performance index.  
Beck Depression II and Beck Anxiety Inventories. These are widely-used brief 
questionnaires requiring a rating of the severity of a series of depression and anxiety 
symptoms, respectively, on a four-point scale.29,30 
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Motor Performance Tests 
Aiming task. Participants moved a cursor using a joystick from the center of a screen 
into circular targets presented randomly around the clock-face, in a choice reaction 
time paradigm.  Response time (reaction time plus movement time) was the 
performance measure, reflecting both movement planning and execution processes. 
Coincidence-anticipation. Motor timing was assessed by having participants press a 
button to coincide with the arrival of a moving dot at a reference position near the 
right edge of a computer screen. Temporal error (zero for ideal performance) was the 
performance measure.  
Purdue Pegboard test.  This manual dexterity test requires participants to move pins 
from a recessed well to a series of holes on a laminated board. Left and right 
unimanual, bimanual and assembly versions of the test were administered, the latter 
requiring sequential left and right hand movements of pins, washers, and collars, in a 
specified order. The combined test score was used as the index of manual dexterity.31 
 
On-road Driving Assessment 
All driving assessments used an automatic, dual-brake vehicle on a 19.4 km inner-
urban route. Independent safety ratings were obtained from an occupational therapist, 
experienced in assessment of driving and rehabilitation, sitting in the rear seat, and an 
accredited professional driving instructor in the front passenger seat, who was 
responsible for vehicle safety. Both assessments used a 10-point scale based on 
Queensland driver licensing standards, and, as described elsewhere, were significantly 
correlated (r=0.891; p <0.01).19  Scores of 5 or less indicated failure. 
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RESULTS  
Initial selection of predictors 
The small sample size limited the number of variables that could be used without 
inflating predictive validity.  Measures were therefore restricted to one from each of 
the motor, visual, and cognitive/affective domains. The chosen test was that with the 
highest, significant correlation with the average driving safety score that was also 
significantly better for those who passed than those who failed the on-road test.   Test 
results are shown in Table 1, together with age.   Age, contrast sensitivity (Pelli-
Robson), the Symbol Digit Modalities Test, and the Purdue Pegboard Test met these 
criteria. The reported t-tests were uncorrected for increased Type I error probability in 
order not to exclude potential predictors. 
 
Prediction of Driving Assessment Outcome 
The identified tests, together with age and time since diagnosis (PD only), were 
examined using discriminant function analysis, in which driving assessment outcome 
(Pass or Fail) was the dependent variable. A priori classification probabilities were 
proportional to group sizes. Analyses were conducted for both groups combined and 
for PD and control groups separately.  Of the surviving potential predictors, Age was 
discarded since it did not improve prediction for any outcome for either group, or for 
both groups combined.   
 
Table 2 shows the classification matrices together with overall classification accuracy, 
sensitivity (correct prediction of driving assessment pass), specificity (correct 
identification of failing), and positive and negative predictive values (the probability 
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of actual pass (fail) given a prediction of passing (failing),  Table 2 includes the time 
since diagnosis, for the PD group only, which resulted in improved prediction.   
 
Overall, specificity was moderate, but sensitivity high, indicating greater success in 
detecting actual passes than actual fails.  Viewed in the alternative framework of 
predictive value, a prediction of failure was followed by an actual failure in 75% of 
controls, and approximately 90% of the PD cases, when time since diagnosis was 
included.  
 
 
DISCUSSION  
This study identified predictors of driving assessment outcomes in PD that had 
relatively high predictive value and overall classification accuracy, and that compare 
favourably with the Heikkilä et al. finding that 56% of the variance in on-road driving 
faults could be accounted for with levodopa dosage and slowness of visual 
processing.16  The tests reflect functional impairments in PD as well as abilities 
required in driving.  Parkinson’s disease affects motor performance primarily through 
slow and inadequately scaled movement - bradykinesia, affects cognition particularly 
through its effects on attention-switching, and vision specifically by reducing contrast 
sensitivity.4,23 These tests were also good predictors in the control group (for whom 
the failure rate of 23.8% is consistent with those for older drivers with no visual 
problems at 17%24), suggesting that motor dexterity, efficient attention-switching, and 
the capacity to detect low-contrast visual stimuli are important for safe driving 
generally.  Two of the tests have proven good predictors in other driver populations.  
Poor contrast sensitivity (Pelli-Robson test) was associated with an eight-fold increase 
in crash risk in elderly drivers with cataracts in one study,32 and accounted for 50% of 
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the variance in driving performance (with other visual function indices) in another.33  
The Symbol Digit Modalities Test, performed verbally as here, accounted for 70% of 
the variance in driving scores in able-bodied, brain-injured and spinal cord injury 
drivers.34  Of the PD clinical indices (UPDRS score, Hoehn & Yahr score, daily 
levodopa dosage, and time since diagnosis), only the last was a good predictor, 
apparently reflecting aspects of the disease not adequately captured by clinical ratings 
or medication level.   
 
Validation studies of driving predictors have also been reported for multiple 
sclerosis,35 Alzheimer’s disease36 and traumatic brain injury, 37 and older drivers 
generally.38 Ideally, a single battery of practical tests will ultimately be identified that 
is valid for a range of neurological conditions, making their adoption and application 
more efficient, worthwhile and likely.  Despite their potential limitations and 
inconsistencies, and because of the potential for drivers to compensate for age- or 
disease-related deficits39, on-road performance tests remain the ultimate criterion of 
validity.  The driving route and manoeuvres used here provided a standardised 
procedure of sufficient duration and complexity to allow fair assessment of a variety 
of driving situations, and sufficiently challenging for visual, cognitive and motor 
deficits to become apparent.40  
 
Predicting driving safety is particularly important in PD given its progressive nature 
and because testing is to guide decisions about cessation. In the interval between 
predictor tests and subsequent driving, function is likely to worsen in PD but improve 
in, for example, stroke or traumatic brain injury patients (for which test batteries 
designed for other diseases have been applied41), differentially affecting the long-term 
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validity in each case.  Periodic predictive tests are thus more worthwhile in PD 
because PD drivers are unlikely to have access to and be able to afford regular, 
repeated on-road assessments over the course of their disease.  Monitoring change 
more frequently with simple functional tests, with consistent predicted failure 
triggering an on-road assessment, is more realistic. 
 
The three identified tests are widely available, inexpensive, portable, and easy and 
quick to administer (approximately 15-20 minutes in total).  This contrasts with some 
of our laboratory tasks, and with, for example, the visual processing task of Heikkilä 
et al.16 which required specialised equipment and a 1000 trial protocol. Furthermore, 
the tests have value in monitoring disease progression in PD generally, covering as 
they do three distinct functional domains. 
 
This study’s  relatively small sample size and the statistical “shrinkage” that occurs 
when prediction equations are applied to new subjects,42 both suggest that the tests 
should be used with caution until cross-validation with a larger PD group is reported - 
a follow-up phase beyond the scope of the current study.  
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Table 1.  Means (SD) of potential predictors for those passing or failing the on-road 
assessment, t-statistic for group comparison, and correlations with overall safety 
score. * p < 0.05   ** p < 0.01 *** p < 0.005      a t-test with unequal variances since 
Levene’s test showed homogeneity of variance assumption was not met. bMann-
Whitney U test and  c Spearman’s rho, as scores are on ordinal scale. UFOV: Useful 
Field of View; CC Central Complex, CP: Complex peripheral, SC: Simple Central, 
SP: Simple Peripheral.  
 
Test Mean score 
(SD)  for Pass 
Mean score 
(SD) for Fail 
t (Pass-
Fail) 
Correlation 
with safety 
score 
Demographic     
Age 62.0 (7.98) 67.8 (5.63) 2.73** -0.39** 
Visual Function     
Contrast Sensitivity 
(Pelli-Robson) 
1.94 (0.07) 1.876 (0.113) 2.35*  0.40** 
Dot Motion -0.579 (0.167) -0.476 (0.285) 1.54 -0.33* 
UFOV CC 0.778 (2.225) 2.316 (3.001) 1.90a -0.31 
UFOV CP 12.82 (4.67) 13.11 (3.53) 0.24 -0.01 
UFOV SC 1.00 (1.41) 1.684 (2.605) 1.15 -0.27 
UFOV SP 7.22 (5.21) 8.789 (5.073) 1.02 -0.17 
Visual Acuity 
(Bailey-Lovie) 
0.016 (0.120) 0.062 (0.128) 1.26 -0.19 
Kinetic Visual Field 7545 (1486) 6663 (2042) 1.70  0.18 
Static Visual Field R 3.30 (5.59) 6.90 (7.73) 1.83 -0.24 
Static Visual Field L 2.33 (3.79) 4.789 (5.84) 1.73 -0.27 
Cognitive/Affective     
Symbol Digit 
Modalities 
43.8 (6.5) 36.1 (8.8) 3.43** 0.46*** 
Beck Anxiety Scale 3.04 (3.50) 7.58 (8.05) 2.61* -0.22 
Beck Depression Scale 6.74 (6.43) 9.47 (6.80) 1.38 0.05 
Trails A 47.8 (15.9) 47.7 (12.1) 0.03 -0.03 
Trails B 99.2 (33.7) 114.8 (26.9) 1.69 -0.24 
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Stroop test 840.3 (188.6) 908.4 (370.0) 0.82 -0.24 
Motor Function     
Purdue Pegboard Test 32.0 (5.0) 26.8 (4.6) 3.59***  0.54*** 
Aiming Response 
Time (ms) 
1487 (398) 1696 (330) 1.87 -0.32* 
Coincidence 
Anticipation  Error 
(ms) 
24.0 (78.9) 56.7 (97.5) 1.25 -0.23 
Clinical Indices (PD 
only) 
 
    
Time since diagnosis 
(yr) 
3.54 (1.29) 8.21 (5.17) 2.91** a -0.61*** 
UPDRS score 24.7 (9.2) 29.5 (12.6) 1.07 -0.24 
Hoehn and Yahr 2.38 (0.79) 2.29 (0.67) z=0.40b 0.123c 
Levodopa (mg) 481 (189) 790 (614) 1.37 -0.36 
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Table 2. Prediction of driving test outcome  
 
 
Both Groups 
Combined 
Control only PD only PD only* 
Actual Outcome Actual Outcome Actual Outcome Actual Outcome 
 
Pass Fail Pass Fail Pass Fail Pass Fail 
Pass 23 7 15 2 8 5 10 4 Predicted  
Outcome Fail 4 12 1 3 3 9 1 10 
Accuracy (% 
correctly classified) 
76.0% 85.7% 68.0% 80.0% 
Sensitivity 85.2% 93.8% 72.7% 90.9% 
Specificity 63.2% 60.0% 64.3% 71.4% 
Positive predictive 
value 
76.7% 88.2% 61.5% 71.4% 
Negative predictive 
value 
75.0% 75.0% 75.0% 90.9% 
All columns use Pelli-Robson, Purdue Pegboard Test, and Symbol Digit Modalities 
Test scores as predictors.   * Uses years since diagnosis as additional predictor.  
 
 
 
 
 
